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Abstract. Cryogenic Propellant Depots have been assessed over many years in terms of architectures, system configuration 
trades, related technologies, economic assessments, etc., to enable more ambitious and affordable human and robotic 
exploration of the Earth Neighborhood and beyond. These activities have identified architectures and concepts that produce, 
preposition and store propellants in space for exploration and commercial space activities. Commonalities across mission 
scenarios for these architecture definitions, depot concepts, technologies, and operations were identified that also best satisfy 
the Vision of Space Exploration. 

The Boeing Company supported the NASA, Marshall Space Flight Center (MSFC) by conducting Architecture Definitions 
and Systems Studies. The primary objectives were: (1) determine high leverage propellant depot concepts and related 
technologies; (2) identify commonalities across mission scenarios of depot concepts, technologies, and operations; (3) 
determine the best depot concepts and key technology requirements and (4) identify technology development needs including 
definition of ground and space demonstration requirements. 

This presentation briefly summarizes potential ground and flight experiments and demonstrations as well as discusses various 
commercial and exploration applications of Cryogenic Propellant Depots. 
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Objectives of an Cryogenic Propellant Depot 



• Servicing of propellants and consumables in 
space 

• Manage the economics of cryogens without 
undue or complicated impositions on 
infrastructure, other systems, or mission operations 

• Autonomous fluid management operations without 
the complications of propellant settling and without 
extravehicular activity (EVA) support 



The basic goal: enable automated zero-g storage and transfer of cryogenic fluids from 
supply tanks to user tanks: safely, reliably, and with minimum loss of propellant. 
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Tele-supervised (and eventually autonomous) highly resilient 
deep space systems operations (in this case, 'deep space' 
operations includes all ambitious mission operations beyond LEO). 

Reconfigurable and self-adaptive modular systems. 

Space assembly, maintenance and servicing (from the systems 
level, down to the subsystem level). 

Highly fuel-efficient, high reliability, re-startable propulsion, 

such as high-power electric propulsion for cargo and cryogenic 
engines for time critical mission (such as those involving astronaut 
crews). 

High-energy propellants for long-duration missions 
(particularly cryogenic propellants such as liquid oxygen, liquid 
hydrogen, etc.) 

Long-term storage and management, as well as the highly 
reliable and low-loss transfer (including transfer in micro- 
gravity) of cryogenic propellants. 



low-mass space power generation 
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• Lower cost ETO transport (perhaps by enabling a transition to 
launchers that are more similar to those used by other government 
organizations or by commercial sectors; and in the long term by 
transitioning to reusable launch vehicles); 

• Highly-autonomous assembly, maintenance and servicing of systems 
in space and on planetary surfaces (including both robotic and crew- 
assisted operations), 

• Affordable and timely pre-positioning of fuel, systems and other 
materiel throughout the Earth-Moon system (including to the 
surface of the Moon); and. 





le, highly reliable and high-energy in space transportation 



lunar missions, excursion transportation 
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The Challenge of Affordability 

The High Cost of Expendable 


'stems 




Reusable Space Systems are critical to reducing excessive ‘expendable 
hardware” costs of Apollo-derived architectures. 
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| NASA 


Objectives 

•Test or demonstrate 

technology 

•Demonstrate 

operational concepts 

•Develop or emplace 

infrastructure 

•Advance commercial 

opportunities 

•Collect engineering 
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Reference Depot Module Design 
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Cryogenic Propellant Depots 

Deployable Orbit Depot Concepts - "HPM" 
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Cryogenic Propellant Depots can offer significant advantages for NASA's 
space exploration systems 

« Refueling of in-space transfer stages can support NASA's ESAS lunar 

exploration architecture and may be enabling for human exploration of Mars 



to be 



■ Allowing deliver of modules to LEO nearly full of propellant (as upper stages 
without main engines) 


Depot design recommendations include modular construction and 
autgenous pressurization (no He gas) 

Technology demonstration may use secondary experiments on cryogenic 



for ready access to 
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